The presence of anaemia and serum protein alteration frequently makes the treatment of pressure ulcers more dicult. Several haemato-chemical parameters were observed in 40 patients with sacral pressure ulcers in order to determine the pathogenesis of these complications. All of the patients showed mild-moderate anaemia with low serum iron and normal or increased ferritin and hypoproteinemia with hypoalbuminemia. Our results suggest that both anaemia and serum protein alteration depend on the chronic in¯ammatory state due to the presence of pressure ulcers. Both anaemia and hypoproteinemia disappeared after pressure ulcer healing.
Introduction
Pressure ulcers are complications which frequently occur in patients who have been bedridden for a long time. They worsen the clinical picture and require a long period in bed for the patient.
Anaemia and serum protein alteration in patients with a pressure ulcer are considered unfavourable to the healing of the ulcer. The anaemia, which is usually mild, mimics iron de®ciency and is often treated with iron therapy. 1 ± 3 The hypoalbuminemia, which is considered secondary to loss of plasma from the ulcer (in the form of sweat), is treated with plasma and albumin transfusions in the more severe cases.
Several haemato-chemical parameters from a group of patients who came to our hospital with a pressure ulcer were studied and compared with those of the same group of patients after sore healing to determine the pathogenesis of the anaemia and the serum protein alteration.
Patients and methods
Forty patients, 17 males and 23 females, mean age 53.5 years, were studied (group A). Twenty-nine patients were aected by spinal cord injury (all in the postacute phase), seven by hemiparesis and four by a broken femur. All suered from a sacral pressure ulcer which had persisted for more than 30 days (from 30 days to 6 months, mean time 2.7 months). The severity of the ulcers were determined by the NPUAP classi®cation: 4 all patients were diagnosed as phase IV ulcers. At the time of examination the ulcers were clean and did not show signs of severe infection. The ulcer areas were measured and expressed in cm 2 (minimum 12.5 cm 2 , maximum 78 cm 2 , mean area 25 cm 2 ). Patients with neoplastic pathologies, chronic in¯ammatory and infectious diseases, collagenopathies and pre-existing anaemias (treated with iron therapy or blood transfusion) were not considered for the study. All the patients underwent radiological examinations that did not show any signs of osteomyelitis.
The patients underwent the following laboratory examinations: electroproteinogram, Erythrocyte Sedimentation rate (ESR), C-Reactive Protein (CRP), blood cell count with formula, serum iron, transferrinemia with percent saturation and ferritinema.
The ®ndings were compared with those obtained from the same patients 30 ± 60 days after sore healing (group B).
The severity of anaemia was determined according to Lee et al classi®cation. 5 Statistical analysis was carried out by means of the Wilcoxon Scores Test for non-parametric data. Decubitus ulcer area was correlated with degree of anaemia and serum protein alteration by means of Spearman's rank correlation coecient (r). 
Results
Blood cell count Twenty-nine patients in group A showed mild anaemia (haemoglobin 9 ± 11 g/dl) and 11 moderate anaemia (haemoglobin 7 ± 8 g/dl). The following statistically signi®cant dierences were found between groups A and B: red cell count (3, 
In¯ammatory indexes
All patients in group A showed statistically signi®cant higher ESR (85.3 vs 27 mM/h P50.001), CRP (3.4 vs 0.67 mg/dl P50.001) and white cell counts (8,550 vs 5,800 /mmc P50.01) than patients in group B.
Serum proteins
The following statistically signi®cant alterations were found in group A patients: total hypoproteinemia (5.45 vs 6.3 g/dl P50.03), decreased albumin (2.73 vs 3.65 g/ dl P50.001) with inverse albumin/globulin ratio (0.88 vs 1.43 P50.002), increased alfa 1 globulins (0.26 vs 0.15 g/dl P50.03) and increased total globulins (3.09 vs 2.55 g/dl P50.08). No dierences were found between the two groups for alfa2, beta and gamma globulins. No statistically signi®cant correlation was found between serum protein alteration and decubitus ulcer rates (r=0.091).
Discussion and conclusion
Our results suggest that patients aicted with pressure ulcers show mild anaemia in 70% of cases and moderate anaemia in the remaining 30%, according to Lee et al classi®cation. 5 The coexistence of anaemia (with increased ferritin values and reduced transferrin) and in¯ammatory status (high ESR, CRP and white cell counts) demonstrate that our patients' anaemias fall into the`anaemias of chronic disorders', as already seen by other authors. 3, 6 This form of anaemia, found in many chronic diseases such as chronic in¯ammatory processes, neoplasms and rheumatoid arthritis is characterised by normal iron stores in the reticuloendothelial system (RES) 7, 8 and is probably due to the inability to use the iron stored in the RES. 9 When diagnosing this kind of anaemia it is extremely important to measure ferritin and transferrin with percent saturation in order to dierentiate it from ironde®ciency anaemia. The latter is characterised by ferritin values lower than 15 mcg/dl (which indicates reduced iron stores in the RES) and increased total transferrin (with reduced percent saturation) since the hepatic synthesis of this protein is triggered by iron de®ciency and inhibited by infectious and toxic conditions. 10 ± 13 Serum protein showed the following alterations: hypoalbuminemia with inverse albumin/globulin ration, increased level of globulins and total hypoproteinemia. The pathogenesis of hypoalbuminemia is due to three possible factors: (A) protein loss from the ulcer; (b) decreased hepatic synthesis; (c) protein hypercatabolism; (B) and (C) may be secondary to the chronic in¯ammatory state. 11, 14 We would like to suggest that the hypoalbuminemia found in these patients may be due primarily to a decreased hepatic synthesis as a consequence of the chronic inflammatory state. 15 The in¯ammatory state inhibits hepatic synthesis and reduces the amount of amino-acids available for the synthesis of other protein. 11 In our opinion this hypothesis is supported by the following data:
(1) all patients showed higher in¯ammatory indexes when compared to the control group; (2) presence of chronic disorder/type anaemia; (3) decreased albumin levels and increased globulin; (4) increased synthesis of protein such as alfa 1 globulins and ferritin and concurrent decreased levels of albumin and transferrin; (5) no statistically signi®cant relation was found between ulcer size and severity of hypoalbuminemia and anaemia. If these alterations are due to loss of plasma from the ulcer or to accelerated protein catabolism, a decrease in all protein fractions could be expected. Obviously when the ulcer involves a large area of the skin, the amount of protein lost can be signi®cant and be an important cause of protein alteration.
A correct diagnosis is very important for determining the kind of treatment needed.
With regard to anaemia therapy, if the amount of iron storage is satisfactory, it is not advisable to give iron; this is not only useless, but also potentially dangerous (iatrogenic haemochromatosis).
14 The anaemia in these patients does not require any treatment since, as we demonstrated, it regresses with the disappearance of the decubitus. Since the anaemia develops slowly and rarely becomes severe, blood transfusions are not needed. 16 Recent studies have shown that the administration of erythropoietin may prove eective in the treatment of this type of anaemia. 17 With regard to serum protein alteration, our results show that the administration of albumin to patients to compensate for protein loss and help heal the ulcer should be avoided and substituted with parenteral therapy or a diet rich in calories and protein to reduce the negative eect of the hypercatabolism.
(1) the main cause of hypoalbuminemia is not protein loss from the ulcer but reduced hepatic synthesis secondary to the chronic in¯ammatory state;
(2) hypoalbuminemia does not worsen over time, but remains moderate and tends to regress with the disappearance of the ulcer; (3) many authors disagree with the use of albumin to accelerate wound cicatrization; 18 (4) the administration of albumin to make up for dietary de®ciencies is not advisable because it is poor in the essential amino-acids, such as tryptophan, and is very expensive. In our study only ®ve patients required albumin administration. Their hypoproteinemia had caused diused oedemas. We suggest therefore that albumin should be supplied only in a few cases of severe hypoalbuminemia.
